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Tevatron SM Physics Goals

e Produce, Reconstruct SM Objects and Decay Products

- Production Rates
Leptons Quarks

- DlStl‘lbll.thIlS, e Il T U, c, t
correlations Y, Y V. d s, b

- Asymmetries
- UE/MPI

- Masses,

- Decay Widths Photon
- Branching Fractions
- CP Violation

- Couplings

- Inputs to PDF fits

- SM Higgs Searches

Gluons

Higgs Boson



The Tevatron, Batavia 1L, USA

eSuperconducting Storage yzx.
- 1km Radius NN
e Run II: Mar 2001-Sept 2011

e Provides pp Collisions
at 1.96 TeV to CDF/DO

- 36x36 bunches

- ~E10-E11 p/bunch

- ~21us per revolution

- ~1.5 MJ beam energy
e Exemplary Performance

- Peak inst.: >4.2E32 cm™/s
- ~70/pb delivered/week
- Sept: ~12/1fb del./exp.




Two General Purpose Detectors

e Silicon Tracking |n|<3 ® Silicon Tracking [n|<2-2.3
e Scintillating Fiber Tracker  ® Drift cell Tracker

1.9 Tesla B Field, [n|<1.7 1.4 Tesla B Field, [n|<1.1
 LAr/DU Calor. |n|<4 ® Pb/Cu/Scint Calor. [n|<3.2
® Muon Chambers: |n|<2 ® Muon Chambers: [n|<L.5

e JES 1-2% ® JES Resolution 2-3% A



The Datasets

035-90% Data taking efficiency/Exp

Up to 8/tb results presented here
- >9/tb on tape today
- >10/tb by end of program
e Typical #vertices/event 1-3

e Candidates per experiment, fb™':
- BOs—J/yeo : ~1K-2K
_ tt—e/p+>=1 b-tag : ~200
- Z—ee/np : ~60K
- (W—e/p)tHdijet : ~10K
- >30 GeV photons : ~2M
- 1.7—41: ~1
_ tt+y—>y+H+METH+jets: ~5

Tevatron Run Il, pp Ys=1.96 TeV
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Precision

o Funé,amental pal‘ameters measured
| o QCD Scale
® Fundamental principles tested Evolution!
2009 Tevatron W mass - o, (py) from inclusive jet cross section
. . i in hadron-induced processes
precision exceeds LEP2 oo b i
CDF Run 0/1 80.436 + 0.081 :\% A ZEUS
DO Run | 80.478 + 0.083 ’c')__: I ® DO
CDF Run I —e—i 80.413 = 0.048 g 0.15 B
Tevatron 2007 —e—i 80.432 + 0.039 : D@ preliminary
DO Run Ii ——i 80.402 + 0.043 0.1 | 4 a (M,)=0.118420.0007
- (S. Bethke arXiv:0908.1135)
Tevatron 2009 —o— 80.420 + 0.031 Lo | | | oo |
~ 0.14 A
S 012 LA Lbd o4t
World average o 80.399 + 0.023 o 0 - T o ['[1 Pt RERM IO
. — | ! ! | L
80 80.2 80.4 50.6 10 10°
my, (GeV) pT (GeV)



Discovery

Run Il Integrated Luminosity 19 April 2002 - 1 May 2011
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QCD At the Tevatron

® New Measurements Presented:
- Substructure in High-ET Jets

- 3-Jet Differential Cross Sections

- Azimuthal Decorrelations in y+Jets
® Other great results:

- DO0: Measurements of differential cross sections and angular
distributions of Z/y*+jets+X events

- DO: A Measurement of the Ratio of Inclusive Cross Sections
o(pp—Zbjet) / o(pp/Z+jet)

- CDF: Prompt diphoton production
- CDF: Diffractive W/Z production
- CDF: Inclusive photon+heavy flavor

- CDF: Pt-Balance in Z+jets



Substructure of High-ET Jets

e Some searches at the LHC will
involve jet substructure

e Study model agreement of
substructure of jets with
ET > 400 GeV in data

e Remove High-ET ttbar decay jets

e Derive corrections for UE/MI

- From unclustered energy outside jets

- Subtract these corrections from higher
vertex multiplicity

e Examine structure variables for QCD
jets under multiple finding algorithms

- Mass
- Planar Flow
- Thrust
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3-Jet Differential Cross Sections

® First measurement of differential 3-jet XS at Tevatron
® Corrected to parton-level with SHERPA
® Data show ability to constrain PDFs at high M3;

® Comparisons to
many PDF sets
NLO predictions
with simultaneouss
fitto o s

eory

Dat
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0.8 |
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Azimuthal Decorrelations and MPI in y+2/3 jets

® Explore higher order QCD without explicit reconstruction
of additional jets

® Create templates of single and multi-parton interactions to
extract shapes from data.

® Can be used for tuning MC Generators

- D@,L=10f6"  15<p <20 GeV :
= ® Data
E A DP model w
- B SP model 8
@

B Y2 Y2
— DP fdID + SP(1—fdp)
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Top Physics at the Tevatron

® New Measurements Presented:

- Top Mass Combination
- Color Flow 1n Top Decays
- Top Quark Charge Asymmetry

® Other great results:

- Single-Top Production, Vtb
e See talks by J.Joshi and Y.T.Tsai at 14:30,14:45 Today!
- Top Production Cross Sections

- W Helicity, spin correlations
- Direct Charge Measurement

- Top-antitop mass asymmetry

- Searches for New Physics With Top Decays (Next Talk)
12



Top Quark Pair Reconstruction

® Many top quark measurements at DO/CDF involve
association of all individual top decay products

- likelihood based kinematic fit

- Matrix element probability L
® Successes:

- Direct measurement of t-charge
e Soft leptons from b doe
* Aggregate jet charge

- Spin correlations in tt—llbb

- Use tagging to reduce i
combinatorial background .

13



Top Mass Measurements

® New DO and CDF combinations!

® Draw power from dilepton,

semileptonic, and all hadronic decays

® Systematics dominated

DG~ . Approaching 1 GeV

March 2011

CDF Top Quark Mass (*Preliminary)

Run | dileptons 0.1 H @ H 168.4 +12.3 +3.6 GeV
£12.8 GeV

—RUn T fepton¥jets .1 o180 35 39 GeV
+5.3 GeV

Run Il _dileptons * 5.4 fh™ H-®&H 173.6 1.8 +25 GeV
+ 3.1 GeV

Run Il lepton+jets * 3.6 HOH 1749 0.8 +1.2 GeV
1+ 1.5 GeV

D@ combination (March 2011) HOH 17517 +0.82 £1.23 GeV
+ 148 GaV

World average (July 2010) HeH 173.32 £ 0.56 £0.89 GeV
+1.06 GeV

Run Il o(l+jets) * 5.3 —eo— 167.5 +54-49GeV

(not in the combinations)

I L | L |

*
CDF-I di-l
(Run ) 167.4+10.3+4.9
————
CDF-Il di-*
(4.8 pb”) 1706+ 2.2+ 3.1
®
CDF-l 14
(Run |} 176.1+ 5.1+ 5.3
-
CDF-Il 14
{qﬁ_nhj} 173.0+x06+1.1
°
CDF-I all-j
(Run I) : 186.0+10.0+ 5.7
-
CDF-II all-j*
(5.8 ob') 172.5+14+15
(N S——
CDF-Il trk
(1.9 gb"') 170.7+6.3+ 26
' —.—
i 172.3+ 1.8+ 1.8
o
CDF March"11
1 172.7+06+0.9
(5877 (stat) + (syst)
72/dof = 3.417 (85%)
| | | | | |

w 160 170 180
Top Quark Mass [GeV]

150 160 170 180 190 200
m,,, (GeV/c?)
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Color Flow in Top Decays

[ ||
o 4 - ® Colorflow can be a tool to
L i . .
w ’ i separate color-singlet-mediated
. - processes from color octet-
Dt 7 S :
Bee. i ] mediated
" Tedl b
NG - H->bb vs QCD bb
_+_£ .
s / ® Measure “pull” of W,t decay jets.
— .o @ W->jets better described as color

. 90 singlet than as toy “octet” model
zﬁg 80 - DO, L=5.3 fb™ :giar:glet

70 s w - Octet - %singlet contribution

gg >0.277 @ 95% CL

N e B Multijets

30 Untagged pair jets (from W),

20 - . | forevents passing the

10 MW requirement, with AR <2,

and |n| <1 for both jets.
0 0.5 1 1.5 2 2.5 3

Minimum relative jet pull 6 15



Top Quark Charge Asymmetry

® Measure signed
difference of top and
anti-top n

® AFB 0.088 +/- 0.013
predicted @NLO in SM

® 3-sigma higher AFB
observed by CDF and D0

- Agreement between
CDF-DO0 in
lab frame measurement

Events

-2 0 2

A,
%0 - ([l Top pairs | D@ Run Il Preliminary
- [EWsiet L=43fb"
- |
150 — = Lab
¢ Frame

Semileptoni

M = M- CDF Il Preliminary
J.L dt=5.1f" | _Data
(It
Btic
; [ Fake
qu — i
................. Frame...../@zow
mWW/W2z/zZ

C



® Also Observed in CDF
® CDF: High mass

® All studies statistics

12000
o
2
£10000
>
8000
6000
4000

2000

Top Quark Charge Asymmetry

tt-rest frame

dilepton+jets

enhancement

dominated

- Analyses only ~6/tb

—— Octet A
A =0.024+/-0.0072

{f + Bkg
A =-0.012+/-0.0071

‘‘‘‘‘

ol el |,

® Asymmetry is stronger in

00— Octet A
200 A = 0.18+/-0.0097 H | g h
500 tf + Bkg
200 A = -0.016+/-0.01 Mass
500
200F-
500
200F-
——

500

o S S S ey =

- -2 - 0 2

AY =Y,-Y

Events

Att_

044 =

it parton -level
CDFdata 5.3fb™

# NLO QCD

—

|

-0.2T
450 cl}ewcZ My
y, difference CDF Il Preliminary
150: - juin:sj '
i i : -+ Data
I { | Agy=0138+0054
100 : e ..................... _—
501 .................... ..................... I Bkg( 1o)
I [ | SSaau—
— |
e | mm—p—
-2 0 2
Ay,



Electroweak Physics

® Results Presented Here:

Z—e+e- Charge Asymmetry
Z—e+e- Angular Coefficients
Z.7. Cross sections (4-1 and llvv)
Wjj Invariant Mass Distribution

® Other Great Results:
- W/Z, Mass

Precise study of the Z/gamma® boson transverse momentum
distribution in ppbar collisions using a novel technique

CDF/D0 Measurements of the WZ—Ivll cross section
Z+y
Drell-Yan Differential Cross Sections

18



Z—e¢ ¢ Charge Asymmetry

................

— PYTHIA
--- ZGRAD2

Statistical uncertainty
Total uncertainty

300 500 1000
M, (GeV)

A —e— 0.23099 + 0.00053
A(P) —e— 0.23159 + 0.00041
A, (SLD) . 0.23098 + 0.00026
A" -0 0.23221+ 0.00029
AC —e—  0.23220 0.00081

had
be

—e—— 0.2324 + 0.0012

e A, (DD), 5.0 fb' —e—— 0.2309 + 0.0010

0.228 0.23

0232 0.234 0.236 0.238

o« 2 e
sin Heff

eDO0: 5.0/fb (sub. PRD)
arXiv:1104.4590

Use charge asymmetry in
Collins-Soper Frame

measure sin’0' and g ,g
ff v'Sa

(¢

for u/d quarks.
Uncert. on sinz()'eff
< LEP all-hadronic

Dominant uncertainties:
Stat, PDF's

e Could approach world
average uncert with
CDF+D0 @10/1b.

19



Z—e¢ ¢ Angular Coefficients

@ Possible in general to write the 1x
angular distributions of Drell-Yan fj 1
vents 1n & angular coefficients: / I 9
AD-Ab. :r Tes 5 TCS;/I:' ?
@ Mcasure differential cross section / P P

in PT )
0.8 CDF Preliminary Result with | L=21fb
it od : P2/(P2+ME) ¥

e Extract 4 coetficients, compare to< - " (e

- 5
.. - —— VBP Resummation
SM predlctlons 0.6 —— ResBos Resummation

@ Test Lam-Tung Relation (PRD 18 05—+ 5§Ei§ai*ﬁi°‘
2447 (1978)) 041w Dyrad

- —e— FEWZ(NNLO)
0-3:_ ---%--- Powheg

- Analogous to Callin-Gross 0.of — Data

- A0=A2, implies 01 N
gluon 1s spin 1, vector of 66<M(e"e’)<116
S T R AT I AT AT AT
- Consistent with observations 0 10 20 30 40 50 60 70 , P80
)



Diboson Production Results

e WW/WZ 1n all leptonic CDF Run I Preliminary [eesow

modes (CDF 6.0/fb, D04.1) ~ Swi”
® CDF ZZ—llwv 5.9/fb $E
- NN discriminant e
- 77 XS: 1.45+.60-.51pb 10_ Sl Vet
- Stat. uncert ~syst uncert. b
« NLO ~10% 3..|...|...|.1.|...|...|...|...|...|..
.DO ZZ_)41 (6.4/fb) ;200:—:.::::::.::':::.::':'?."..:::....‘ '. .NNCI)UtpUt
8 jzzzzzzzD@:ﬁ-Aijﬁ‘16*111.vzf_-
- 10 observed events =R EEETE EETE M=o
- ZZXS: 1.40+0.43-0.37+0.14 e
o CDF 7241 (5.9/f) “l# DO
- 4 Events
- 1.7+1.2-0.7 0.2
50 100 150 200

M, (GeV) 21



W+jets Invariant Mass Distribution

® In 2010, 4.3/tb WW->Inuj; measurement showed localized Data/MC
disagreement

® Choice was made to increase jet ET cut from 20—30GeV to diminish
systematics. All other aspects of selection/systematics a priori.

® Chose to model excess as Gaussian contribution

- Over all considered systematics/trial factor,
Minimum significance: 3.1c

C T % % .= 3 [k & 4 % b . T — 71 T T .
% ?Dﬂf— : ggﬁﬁgﬁ;‘;‘ ':;.ﬁﬂﬁiﬁ‘}_f % :2 H —=— Bkg Sub Data (4.3 fb'') _;
: Bl WW+WZ 4.E;% ; G E_ . | —— BGaussian _E
© 600F BN Walets 78.0% [ g 10 i X . :
@ = T Top 6.3% - @ 120F I S WWWE (all bkg syst)|
£ 500f B 7-+jets 2.8% - S 100k e
z : 55 QCD 5.1% 3 : (d)
400 : _: 80 i e
: (c) 60f
300 § a0f
200 - 20§
OEEET || SOt
100 20} | E
0 SRR ——— ] = Ty | T S N i B R =
100 200 100 200

M, [GeV/c?] M; [GeV/c?] 79



W+jets Invariant Mass Distribution

® Appearance is suggestive of resonance decaying to jets

Entries

- New physics or unaccounted systematic?

- Altering selection alters significance,
not excess Mjj mean

e® Definitely not the SM Higgs
- “Cross section” >30x too large, does not favor b-jets

® Shape-Altering systematics

Alternate Exponential BG Model
Alternate Z+jets data driven BG model
PDF, Scale, JES, NLO/LO via MCFM

- No MC reweighing performed

250 300
M. . [GeV/c?]

i.j2

150

200

—»— Muon Data (4.3 fo™)

e® Lots of ongoing work

- Awaiting DO response

- Alternate generators and matching schemes, reweighing,
diagrammatic content

e Lots of supplemental plots and tables:

150 200 250 300
M. [GeV/c?]
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Flavor Physics

® Results Presented Here:

Bs CP violating phase, Mixing Parameters

- Anomalous like sign dimuon charge asymmetry

Branching Fraction of B0s—J/psi 10(980)

@ Other Great Results:

Observation of Y(4140) in the J/\y ¢ Mass Spectrum in B+ — J/y ¢
K+

Measurement of the production fraction times branching fraction
f(b—Lambda b)*BR(Lambda b—J/psi Lambda)

B+ Lifetime in B+ — DOn+
Search for the Rare Decay DO—p+pu-

Improved measurement of time-integrated CP violation in DO0—h+h-
decays

Measurement of the time-integrated mixing probability of B mesons

24



Mixing Parameters in Bs

® CDF Update With 5.2/fb, exclusive Bs/Bs state id via flavor
tagging.

- Simultaneous fit in Bs mass, angular shapes (CP eigenstate
separation), Time dependent decay.

- Constrain of the S-wave component background 1n fit.

- Uses same-side kaon tagger

COF Runll Preliminary, L= 5.2 fb

i

i
£

BEEEE &

CDF Run Il preliminary L=5.21b"

20k
100F

— nh
—H a4
[+]

I
[+ 1
i
E
A0k
100F

0
S o 3
8008 o by bkl ©
b 400
w F ++ + W30 + w

1 oo — Dah
Je0f —m

& 500}
£ 400
: # +| t-|j :H

100F

Mass(J/y ¢) [GeV/c?]

q . . )
A0 43 00 03

cos(y)
CDF Run Il Preliminary

q . . )
A0 43 00 03

g e
I‘C:) 10° . — Eilgl:tal
§-102 _,.-"' ""‘:T‘*».‘ B::k‘gmund
@ gt
i L -
1
i . it
0-2 o1 o1 %?(.JA,;KK?’?cm]
2
PR AT B PU AP [P | _g?—'—'—'—"t-"nl'"-"r"h]-['rr'f"‘fr‘w'-r‘—"—'
5.36 54 5.44 a2l

Amplitude

2.0

1.5 F

1.5 bt

CDF Run 2 Preliminary, L = 5.2 fi5"

- —— Amplitude A
e Sensitivity: 37.0 ps”!

Mixing Frequency in ps™
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Mixing Parameters in Bs

® Both CDF and DO results compatible

- Roughly 1-sigma SM tension in both measurements

_ Preliminary CDF Run Il Preliminary  L=5.21b
n 04 3 D@, 6.1 b 6 =—-042+0.18 o6l — 95%cCL i
w o EBO—>J/'¢¢ dp= 3.01+0.14 i —— 68% CL
& = - AM, = 17.77+0.12 ps~* 0.4  — SMprediction
» - i
e WA=
i —9%5%CL| & |
0.0 F = T 1 S 0.0}
.0'2 E_ _02:
| -0.4f
04

E..||||lll|""|""|""l"" _06:




Evidence for Anomalous

Like-Sign Dimuon Charge Asymmetry

Bs

Ds

A

e B/D Meson mass eigenstates are not flavor eigenstates

- Oscillations->Second order weak interactions
- Can be used to constrain CKM matrix

e Bd oscillations already measured by DO/CDF
DO: Phys. Rev. D 74, 112002 (2006), hep-ex/0609034
e D mixing:
- CDF: Phys. Rev. Lett. 100, 121802 (2008)

e BOs oscillation frequency/Phase:
- CDF: Phys. Rev. Lett. 97, 242003 (20006).

- DO Phys. Rev. D 76, 057101 (2007), hep-ex/0702030
e DO: Explore B’ mixing via asymmetries:
~a = [[(B-uX)- T(B-uX))[IB-pX)y+ [(B-uX)]
- a=A =[N"-NTJ/[N"+N]
e 6.1/fb of data: look for one or two B_0 decays to p+X

- 1.5E9 Single muon events

- 3.7E6 like-sign muon decays
277



Evidence for Anomalous

Like-Sign Dimuon Charge Asymmetry

. 0.015 o )
R e ‘”:" 1 @1 @ No SM deviation in
= a8 T
N e
< ! e - Observed asymmetry —
0.005 _+__++_ . I;;:rpz c;)::doasymmetry AF, Am of d (.)1‘ S
=56 20 30 a0 50 ® 3.2-sigma deviation from SM
0.015 M) [GeV]
g 77| DY, 6.1 (b) Charge asymmetry
£ 0.01] $: : : :
g | —H .- Observel asymmetry - Prefers dimuon to di-antimuon
0.005 H’L_F a- Expected asymmetry . .
ol b forAd=-0.00957 - First evidence of anomalous
10 20 30 40 50 .
M@ [GeV] CPV 1n neutral B mesons

® Periodic reversal of tracker field
reduces systematics (DO only)

® Many separate background
asymmetries individually
measured

—_ - Standard Model
B Factory W.A.
"B DO B D, u X
-0.03 - Preliminary
Combination

co v b by e b by g 1

-0.04-0.03-0.02-0.01 0 0.01

ad 28




Events / 28 MeV

Relative Branching to 10(980)

DZ Run Il, Preliminary, 8 fb"

g1 52 53 54 55 56 57 5.8

Events / 20 MeV

- D2 Run Il, Preliminary, 8 fiy"

AN

7 075 08 08 09 095 1

1.05 11 115 1.2

® D0: Measurement of the relative

branching fraction of
B0s—J/y 10(980), {0(980)—nn
to

B0s—J/y ¢, p—KK

- Decays of BOs—J/y {0(980) are CP
cigenstates

o Provide more direct measurement of ¢_
than J/y ¢

e Provide complimentary systematics to
AJAVR0)

- Fitting uncertainty on M__largest
systematic on R

- R=.210+/-.032+/-.036



SM Higgs Searches

® ~1000 Higgs Events expected to be produced in 10/1b!

® Associated production (H—bb) and direct ( H->WW)
modes largest, but searches in many modes contribute

- CDF+DO0 combination

Sensitivity
via lepton
angular
correlations

Sensitivity
via
b-tagging I

bl

30



® Scnsitivity
at 115 (xSM):

Channel CDF DO
WH —
Ivbb 3.5 4.8
4.0
ZH — vvbb 4.0 Updated
ZH — llbb 3.5 5.7
H ->WW 10.8 8.6
— Ivlv Updated Updated
ZH+WH —
iiibb 18 19.9
H ot 15 12.8
Updated Updated
Hos 13 11
64 Updated Updated

Light Higgs Searches

31



Light Higgs Searches

® Expected sensitivity now better than 2xSM for SM
Higgs masses below 190 GeV!

Tevatron Run I1 Preliminary, <L>=591fb"

S R
c% LEP Exclusmn - Tevatron
0ol <« . Exclusion
= e Expected &~~~~~~¢~~~~~~y~~~~~7 ------------ ——
j Egﬁigﬁﬁ:ﬁﬁi::g::::::::::::::@:::::§§:
O - g ey
S
0 2 Expect

3 3 | Update for
1 — e Summer 2011

..................................................................................................................

»»»»»»»» <——————T|evatr0n|Exclusu|)n|»i«im-»{ulywzqm—
100 110 120 130 140 150 160 170 180 190 20(]
m, (GeV/c?)
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Heavy Higgs Searches

® Now SM Sensitivity at 165 for both experiments!
- Large datasets (>77/1b)
- Many low-signal/bg regions, high acceptance
- Primary background: SM WW

CDF Run |l Prellmmary H—-W*W Search, L = 7.1 fb™

LR S R T D@ Preliminaey, 1:24:3-8 2.0b0
LN — oﬁzimed””? """""""" """"""""" CDF SM Higgs Combination:
ot [ +10 Expected- - ! Exclusnon —

[ ] 420 Expected / :

95% CL Limit/SM
95% CL Limit / SM

8 f < LEPEchuswn : - ::.:;::i;:::':::_ff'i.ff:ff":' ar M;,‘,m §
110 120 130 140 150 160 170 180 190 200 llllilIII:II\I:Illiil|||i||||i||i|
H(GeV/c ) 130 140 150 160 170 180 190 200

March 7, 2011 m, (GeV/c?)
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High Mass Higgs Combined Search

CDF Run Il Preliminary H>W*W" Search, L = 7.1 fb™'

95% CL Limit / SM

95% CL Limit/SM
-l
)

1 |

® March 2011 s 10 |
® Use correlated 2
uncertainties =
—
between §
CDF/DO0 0

ek

® Exclusion range:
- [153,179] Exp

_March7, 2011

L j L L L L j L L L I E E L i L

~ [158, 173] Obs 130 140 150 160 170 180 190 20

m,, (GeV/c’)
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Conclusions

® Tcvatron has vibrant SM physics program

- New ways to access QCD (precision QCD!)
- Exciting hints of large CPV 1n b-sector
- Better understanding of the top quarks

e Large Top AFB signature seen in

- Both Semileptonic (CDF & DO0) and Dileptonic
(CDF)

- New EWK measurements possible with larger datasets
« W+Mjj Excess: New physics? New systematics?
- SM Higgs: ~SM Sensitivity at High Mass

* Low mass <2xSM and gaining
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Conclusions

® For additional results see

- http://tevnhphwg.tnal.gov/results/SM Higgs Winter 11/
- http://www-cdf.fnal.gov/physics/new/hdg/Results.html

- http://www-
d0.fnal.gov/Run2Physics/WW W/results/higgs.html
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Thank you for your attention

Questions?
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